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In this paper, we present new constructions for resolvable and near resolvable (v, 3, 2)- 
BIBDs. These constructions use balanced tournament designs and odd balanced tournament 
designs. We then use balanced tournament designs with almost orthogonal resolutions and odd 
balanced tournament designs with orthogonal resolutions to generalize these constructions and 
produce doubly resolvable and doubly near resolvable (v, 3, 2)-BIBDs. 
1. Introduction 
A balanced incomplete block design (BIBD) D is a collection B of subsets 
(blocks) taken from a finite v-set V of elements with the following properties: 
(i) Every pair of distinct elements from V is contained in precisely A blocks of 
B. 
(ii) Every block contains exactly k elements. 
We denote such a design as a (v, k, 3c)-BIBD. It is well known that necessary 
conditions for the existence of a (v, k, rZ)-BIBD are 
n(v - 1) = 0 (mod(k - 1)) and I2v(v - 1) = 0 (mod k(k - 1)). (1) 
A (v, k, A)-BIBD D is said to be resolvable (RBIBD) if the blocks can be 
partitioned into classes RI, Rf, . . . , R, where r = A(u - l)/(k - 1) such that each 
element of D is contained in precisely one block of each class. The classes 
R,, Rz, . . . , R, form a resolution of D. A necessary condition for the existence of 
a resolvable (v, k, A)-BIBD is that (1) be satisfied and that u = 0 (mod k). 
A (v, k, A)-BIBD D is said to be near resolvable (NRBIBD) if the blocks of D 
can be partitioned into classes RI, RZ, . . . , R, (resolution classes) such that for 
each element x of D there is precisely one class which does not contain x in any of 
its blocks and each class contains precisely n - 1 distinct elements of the design. 
For such a design to exist, a necessary condition is v = 1 (mod k) and 3, = k - 1. 
A (v, k, I2)-BIBD is said to be doubly (near) resolvable if there exist two (near) 
resolutions R and R’ of the blocks such that IRi fl RI( G 1 for all Ri E R, Rf E R’. 
(It should be noted that the blocks of the design are considered as being labelled 
so that if a subset of the elements occurs as a block more than once the blocks are 
treated as distinct.) The (near) resolutions R and R’ are called orthogonal 
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Fig. 1. DR(1.5,3,2)-BIBD. 
resolutions of the design. A doubly resolvable (v, k, A)-BIBD is called a 
DR(u, k, A)-BIBD or a KS,(u; 1, A) [9]. A doubly near resolvable (v,k, A)-BIBD 
is called a DNR(u, k, A)-BIBD. As examples, the array in Fig. 1 displays a pair of 
orthogonal resolutions for a DR(15,3,2)-BIBD and the array in Fig. 2 a pair of 
orthogonal resolutions for a DNR(lO, 3,2)-BIBD. In each case, the rows form 
one resolution of the design and the columns form an orthogonal resolution. 
We are interested in (v, k, I2)-BIBDs with block size k = 3 and index A. = 2. 
Hanani has proved the following result. 
Theorem 1.1 [.5]. (i) A necessary and suficient condition for the existence of a 
(v, 3, 2)-RBZBD is ZJ = 0 (mod 3) and ZJ #6. (ii) A necessary and sufficient 
condition for the existence of a (v, 3, 2)-NRBZBD is v = 1 (mod 3). 
The spectrum has not’ yet been determined for K&(v; 1, 2)s or DR(v, 3,2)- 
BIBDs. (These designs have also appeared in the literature as doubly resolvable 
twofold triple systems of order v, DRTTS(v) [3, 41.) A necessary condition for 
the existence of a KS,(v; 1, 2) is v = 0 (mod 3). Some constructions and results 
for KS,(v; 1, 2)s can be found in [3,4,9]. The small designs have usually been 
constructed from starters and adders. Direct and indirect product constructions 
148 1 I306 1 I957 1 
Fig. 2. DNR(lO, 3,2)-BIBD. 
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using frames can be used to find infinite classes of KS,(V; 1, 2)s ([9]). The next 
result provides the largest class of these designs known (thus far) to exist. 
Theorem 1.2 [9]. For v = 3 (mod 12), there exists a KS,(v; 1, 2) which contains us 
a suburruy a K&(3; 1, 2). 
Less information is available for DNR(v, 3, 2)-BIBDs. A necessary condition 
for the existence of a DNR(v, 3, 2)-BIBD is v = 1 (mod 3). Some small values of 
u for which we know DNR(u, 3,2)-BIBDs exist are 10, 13, 16, 19, 25, 28, 31, 37, 
43 and 49 ([3,18]). If a DNR(v, 3, 2)-BIBD can be written on the symbol set 
{I, 2, . . f , v} so that the main diagonal of the associated v x IJ array is empty 
and row i and column i are missing the element i, the design is also known as a 
(1,2; 3, V, 1)-frame ([ll]). The smallest (1,2; 3, V, 1)-frames known to exist are 
for v = 10, 16, 19, 25, 28, 31, 37, 43 and 49 ([3, IS]). With the exception of 
21 = 10, these were all constructed using starters and adders over 2,. It is known 
that the starter-adder construction over Z, cannot be used for v ZE 10 (mod 12) 
([3]). Direct and indirect products using frames again provide infinite classes of 
(1,2; 3,t~, 1)-frames. The best result of these constructions is the following. 
Theorem 1.3 [7]. For v = 1 (mod 15), there exists a (1, 2; 3, V, l)-frame. 
In this paper, we present new constructions for resolvable, near resolvable, DR 
and DNR(v, 3,2)-BIBDs. These constructions use balanced tournament designs 
and odd balanced tournament designs. In the next section, we provide the 
necessary definitions and results on balanced tournament designs and Kirkman 
squares. In Section 3, we use balanced tournament designs to construct 
(v, 3, 2)-RBIBDs and (v, 3, 2)-NRBIBDs. Section 4 contains the generalizations 
of these results to DR and DNR(v, 3, 2)-BIBDs. We illustrate these construc- 
tions with some small examples. 
2. Definitions and preliminary results 
A balanced tournament design, BTD(n), defined on a 2n-set V, is an 
arrangement of the (2) distinct unordered pairs of the elements of V into an 
IZ x (2n - 1) array such that 
(1) every element of V is contained in precisely one cell of each column and 
(2) every element of V is contained in at most two cells of each row. 
The existence of BTD(n)s was established in [16]. (A simpler proof of this result 
appears in [8].) 
Theorem 2.1. For n a positive integer, n # 2, there exist a BTD(n). 
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An odd balanced tournament design, OBTD(n), is an n x (2n + 1) array of pairs 
defined on a 2n + l-set V such that 
(1) every row of the array contains each element of V twice, 
(2) every column of the array contains 2n distinct elements of V, and 
(3) the pairs of the array form a (2n + 1, 2, l)-BIBD. 
For n a positive integer, it is easy to construct an OBTD(n). 
The constructions for doubly resolvable (v, 3, 2)-BIBDs will require the 
existence of odd balanced tournament designs with orthogonal resolutions and 
balanced tournament designs with almost orthogonal resolutions. A resolution of 
a BTD(n) is a resolution of the (2n, 2, l)-BIBD contained in its cells and a near 
resolution of an OBTD(n) is a near resolution of the (2n + 1, 2, l)-BIBD in its 
cells. For convenience, we shall refer to near resolutions of OBTD(n)s as 
resolutions. 
Let B be an OBTD(n). Let RI, Rz, . . . , R, be the rows of B and let 
C1, Cz, . . . > G+, be the columns of B. C = {C,, C2, . . . , &+i} is a resolution 
of B. A resolution D, D = {Di, 4, . . . , D2n+l}, will be called orthogonal to C if 
(i) ]Ci fl Dj] < 1 for 1 G i, j < 2n + 1 
(ii) ]DjnRi]=l forj=1,2,. . . ,2n+l andi=1,2,. . . ,n. 
If D exists, we say that OBTD(n), B, has a pair of orthogonal resolutions. The 
following result has recently been proved. 
Theorem 2.2 [12]. Let n be a positive integer, na3 and 2n+1#3m where 
(m, p) = 1 for p a prime less than 333. Then there is an OBTD(n) with a pair of 
orthogonal resolutions. 
Some results for OBTD(n) with orthogonal resolutions when 3 ( 2n + 1 can also 
be found in [12]. We will use the next result in Section 4. 
Lemma 2.3 [12]. For i a positive integer, there is an OBTD(19’) with a pair of 
orthogonal resolutions. 
A similar definitions holds for a BTD(n) with a pair of orthogonal resolutions. 
Since we do not know of any nontrivial examples of such designs we will work 
with a BTD(n) with a pair of almost orthogonal resolutions and a special property 
(Property C). 
Let B be a BTD(n + 1). Let R,, R,, . . . , R,+, be the rows of B and let 
C1, Ca, . . . , Gz+1 be the columns of B. C = {C,, C2, . . . , C&+,} is a resolution 
of B. A resolution D = {DI, Dz, . . . , D2n+l } will be called almost orthogonal to 
C if 
(i) Gn+i = &+I 
(ii) ]CiflDj]Gl for lGi,jG2n 
(iii) ]DjnRi]=1forj=1,2 ,..., 2nandi=1,2 ,..., n+l. 
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Fig. 3. A BTD(3) with a pair of orthogonal resolutions and Property C. 
If D exists, we say that B has a pair of almost orthogonal resolutions. An element 
which is contained only once in Ri of B is called a deficient element of Ri. The 
two deficient elements of Ri are referred to as the deficient pair of Rj. If B is a 
BTD(n + 1) with a pair of almost orthogonal resolutions and with the property 
that the deficient pair of Ri is contained in the cell (i, 2n + 1) for i = 
1, 2, . . . , n + 1, we say B is a BTD(n + 1) with a pair of almost orthogonal 
resolutions and Property C. Fig. 3 contains the smallest example of such an array 
(n = 2). 
Although the existence question for these designs has not yet been settled, 
infinite classes of BTD(n + 1)s with a pair of almost orthogonal resolutions and 
with a pair of almost orthogonal resolutions and Property C are known to exist. 
These results appear in [6]. The following result will be sufficient to illustrate the 
constructions in Section 4. 
Lemma 2.4 [6]. There exists a BTD(19) with a pair of almost orthogonal 
resolutions and Property C. 
We need one more definition before we can describe our constructions for DR 
and DNR(u, 3, 2)-BIBDs. Let K be a KS3(2n + 1; 1, 1) (the n x 12 array as- 
sociated with a DR(2n + 1, 3, l)-BIBD) defined on V U (00) where 03 occurs in 
each cell of the main diagonal ([VI = 2n). We say K has a complementary 
(1, 2; 3, n, 1)-frame (or a complementary DNR(n, 3, 2)-BIBD) if there exists a 
(1,2; 3, n, 1)-frame (or a DNR(n, 3, 2)-BIBD) which can be written in the empty 
cells of K. Although the spectrum has not been determined for either KS,(6n + 
3; 1, 1)s or (1, 2; 3, 3n + 1, 1)-frames, some existence results for KS,(6n + 
3; 1, 1)s with complementary (1,2; 3,3n + 1, 1)-frames are known [lo]. 
Lemma 2.5. There exists a K&(39; 1, 1) with a complementary (1, 2; 3, 19, l)- 
f rame. 
Proof. See [lo]. q 
The next result follows immediately from direct product constructions for both 
KS3(2n + 1; 1, 1)s and (1, 2; 3, n, 1)-frames. 
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Lemma 2.6. For i a positive integer, there exists a KS42 * 19’ + 1; 1, 1) with a 
complementary (1, 2; 3, 19, l)-frame. 
We are now in a position to describe our constructions for resolvable, near 
resolvable, DR and DNR (v, 3, 2)-BIBDs which use balanced tournament and 
odd balanced tournament designs. 
3. Resolvable and near resolvable (v, 3,2)-BIBDs 
In this section, we describe constructions for resolvable and near resolvable 
(v, 3, 2)-BIBDs. 
Theorem 3.1. Zf there is a BTD(3n + l), a (6n + 3, 3, l)-RBZBD and a NR(3n + 
1, 3, 2)-BZBD, then there is a (9n + 3, 3, 2)-RBZBD. 
Proof. Let VI = {x1, x2, . . . , x~,+~, y,, y2, . . . , y3n+l} and let V, = 
{ 21, 22, . * . ) 23n+1). 
Let B’ be the (3n + 1) X (6n + 1) array constructed from a BTD(3n + 1) defined 
on VI. Suppose the deficient pair of elements for row i of B’ is {xi, yi} for 
i = 1,2, . . . , 3n + 1. Let D’ be a resolvable (6n + 3, 3, l)-BIBD defined on 
VI U {m} so that the blocks containing ~(1 are {a, xi, yi} for i = 1, 2, . . . , 3n + 1. 
Let 0: be the resolution class of D’ which contains the triple {m, xi, yi} for 
i = 1,2, . . . , 3n + 1. N will denote a NR(3n + 1,3,2)-BIBD defined on V2 and 
Ni will denote the resolution class of N which does not contain the element z,. 
We construct a resolvable (9n + 3, 3, 2)-BIBD on VI U V2 as follows. To each 
pair in row i of B’ add the element zj i = 1, 2, . . . , 3n + 1. Denote the resulting 
array of triples by B. Let Cr, C2, . . . , C,,, be the columns of B. Replace each 
triple {m, xi, yj} in D’ with the triple {z,, xi, yi} for i = 1, 2, . . . , 3n + 1. D will 
denote the resulting configuration. Let Di be the corresponding resolution class of 
D which contains the triple {zi, xi, yi} i = 1, 2, . . . , 3n + 1. 
The triples of B U D U N form a (9n + 3, 3, 2)-BIBD. Every pair in VI occurs 
once in B and once in D. Every pair {q, vi} where vi E VI and zi E V2 occurs twice 
in B U D. Every pair in V, occurs twice in N. It is easy to verify that 
{C,, C2, . . . , C6n+l, D1 U N,, D2 U N2, . . . , D,,,, U N,,,,} is a resolution for 
this (9n + 3, 3, 2)-BIBD defined on VI U V2. 0 
Corollary 3.2. For n a positive integer, there exists a (9n + 3, 3, 2)-RBZBD. 
Proof. For n a positive integer, there exists a BTD(3n + 1) from Theorem 2.1, a 
(6n + 3, 3, l)-RBIBD from [5] and a NR(3n + 1, 3, 2)-BIBD from Theorem 
l.l(ii). 0 
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We have a similar construction which uses odd balanced tournament designs to 
find NR(v, 3, 2)-BIBDs. 
Theorem 3.3. Zf there is an OBTD(3n + l), a (6n + 3, 3, l)-RBZBD and a 
NR(3n + 1, 3, 2)-BZBD, then there is a NR(9n + 4, 3, 2)-BZBD. 
Proof. Let VI = {x1, x2, . . . , x~~+~} and let V2 = {yI, y2, . . . , y3,,+i}. 
Let B’ be the (3n + 1) x (6n + 3) array constructed from an OBTD(3n + 1) defined 
on VI. To each pair in row i of B’ add the element yi (i = 1, 2, . . . , 3n + 1). 
Denote the resulting array of triples by B and label the columns of B, B1, 
Bz, . . . , f&,+3. Suppose the columns are arranged so that Bi contains every 
element of VI U V2 - {Xi} precisely once. 
Let D be a (6n + 3,3, l)-RBIBD defined on VI. Let {DI, D2, . . . , D3n+l} be a 
set of resolution classes for D. N will denote a (3n + 1, 3, 2)-NRBIBD defined on 
V, and Ni will denote the resolution class of N which does not contain yj. 
The triples of B U D U N form a (9n + 4, 3, 2)-BIBD. Each pair in VI occurs 
once in the blocks of B and once in the blocks of D. Each pair in V2 occurs twice 
in the blocks of N. Finally, each pair {vi, u2} where n1 E VI and 2r2 E V2 occurs 
twice in the blocks of B. A resolution of this design is given by the following 
resolution classes: 
Bi, B2, . . . > &n+s QUN, 4UN2,. . . , &n+~U&n+l. •I 
Corollary 3.4. Zf there is a NR(3n + 1, 3, 2)-BZBD, then there is a NR(9n + 
4, 3, 2)-BZBD. 
Proof. For n a positive integer, there exists a BTD(3n + 1) from Theorem 2.1 
and a (6n + 3, 3, l)-RBIBD from [5]. 0 
The next construction uses resolvable group divisible designs (GDD); a 
resolvable group divisible design, RGDD,(v; k; A,, A,), is a group divisible design 
on 21 points and block size k such that any pair of points from distinct groups is 
contained in A2 blocks and any pair of points from within a group is in A, blocks 
along with a partition of the block set into resolution classes. (See [17]). 
Theorem 3.5. Zf there is a BTD(3n), a RGDD3,_1(6n; 3; 0, 1) and a (3n, 3, 2)- 
RBZBD, then there is a (9n, 3, 2)-RBZBD. 
Proof. Let VI = {x1, x2, . . . , x3,, y,, y2, . . . , y3n} and let V2 = {q, z2, . . . , Zig}. 
Let B’ be the 3n x (6n - 1) array constructed from a BTD(3n) defined on VI. 
Suppose the deficient pair of elements for row i of B’ is {xi, yi} for i = 
1,2, . . . , 3n. Let D be a RGDD,,_,(6n; 3; 0, 1) defined on VI so that the groups 
of D are the pairs {Xi, yi} for i = 1, 2, . . . , 3n. Let D,, D2, . . . , D3n_-1 be the 
resolution classes of D. Let N denote a (3n, 3, 2)-RBIBD defined on V,. 
N,, Nz, . . . , N3n_-1 will denote the resolution classes of N. 
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We construct a (9n, 3, 2)-RBIBD on VI U V, as follows. To each pair in row i of 
B’ add the element Zi for i = 1, 2, . . . , 3n. Denote the resulting array of triples by 
B. Let C1, CZ, . . . , C6n-1 be the columns of B. Let Chn = {{zi, xi, y,}li= 
1, 2, . . . ) 3n). The triples in B U D U N U C6,, form a (9n, 3, 2)-BIBD. Every 
pair in VI occurs once in B and once in D U Cen. Every pair {zi, vi} where ui E VI 
and zi E V, occurs twice in B U C6,,. Finally, every pair in V, occurs twice in N. It 
is easy to verify that {Cr, C2, . . . , Cen, D, U IV,, & U iV2, . . . , Djn U IV,,} is a 
resolution for this (9n, 3, 2)-BIBD defined on VI U V,. 0 
Corollary 3.6. If there i.s a (3n, 3, 2)-RBZBD and n z= 3, then there is a 
(9n, 3, 2)-RBIBD. 
Proof. For n a positive integer, there exists a BTD(3n) from Theorem 2.1 and a 
RGDD3,_1(6n; 3; 0, 1) from [l], [2], [14]. 0 
We note that an analogous construction for near resolvable (9n + 1, 3, 2)- 
BIBDs would require the existence of a (6n + 1, 3, l)-NRBIBD. Since a 
necessary condition for a near resolvable (v, 3, l)-BIBD is v = 0 (mod 2) [5], 
there do not exist (6n + 1, 3, l)-NRBIBDs. 
4. DR and DNR(u, 3,2)-BIBDs 
In this section, we generalize the results of the previous section to construct 
doubly resolvable and doubly near resolvable (v, 3, 2)-BIBDs. 
Theorem 4.1. Zf there is a BTD(3n + 1) with a pair of almost orthogonal 
resolutions and Property C and if there b a KS3(6n + 3; 1, 1) with a complementary 
(1, 2; 3, 3n + 1, 1)-f rame, then there is a KS,(9n + 3; 1, 2) or a DR(9n + 3, 3, 2)- 
BZBD. 
Proof. Let VI = {x1, x2, . . . , x~,,+~, y,, y2, . . . , Y~,,+~} and let V, = 
{ 4, z2, . . . f Z3n+l 1. 
Let B’ be a BTD(3n + 1) defined on VI with a pair of almost orthogonal 
resolutions and Property C. Suppose the deficient pair for row i of B’ is {xi, yi} 
for i = 1, 2, . . . , 3n + 1. Since B’ has Property C, the last column of B’ contains 
the pair {xi, yi} in row i for i = 1, 2, . . . , 3n + 1. Denote the columns of B’ by 
Ai, Aa, . . . , A&+,. Let D = {D;, . . . , D&+1} b e an almost orthogonal resolu- 
tion for B’. Add a new element zj to each pair in row i of B’ (1s i s 3n + 1) and 
call the resulting array B. Let Xi = {zi, Xi, yi} and label the last column of B by X. 
We label the first 6n columns of B, AI, AZ, . . . , Aen. The almost orthogonal 
resolution D’ provides an almost orthogonal resolution D in B. Let D = 
{DI, 4,. . . , &,> -0. 
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Let K be a KS3(6n + 3; 1, 1) defined on VI U (03) such that the main diagonal of 
K contains the triple { ~0, xi, yi} in cell (i, i) for i = 1, 2, . . . , 3n + 1. Replace the 
triple {a,xi, yi} with the triple {zi, xi, yi} = x for i = 1, 2, . . . , 3n + 1. Let 
Y= V-l, r,, . . . , Y3n+1 }. Let F be a complementary (1,2; 3, 3n + 1, 1)-frame 
defined on V2 where row i and column i of F do not contain the element 
zi (1 G i =Z 3n + 1). Place F in the empty cells of K and delete the main diagonal of 
this new array of triples. Call the resulting array E. Label the rows of E by 
T,, T2r . . . 9 T3n+1 and the columns of E by S1, S,, . . . , S3n+l. 
It is straightforward to verify that the collection of triples in B U E U Y forms a 
(9n + 3, 3, 2)-BIBD. We list a pair of orthogonal resolutions R1 and R* for this 
design below. 
R’ = {X A,, AZ, . . . , &n, T U F, G U r,, . . . , Tsz+l U Y3n+1) 
R2={y,D1,D2,...,D6n,S~UX1,S2UX2,...,S3n+lUX3n+l}. 0 
To illustrate this theorem, we let n = 6. Since there is a BTD(19) with a pair of 
almost orthogonal resolutions and Property C (Lemma 2.4) and a K&(39; 1,1) 
with a complementary (1,2; 3,19,1)-frame (Lemma 2.5), using Theorem 4.1 we 
can construct a K&(57; 1,2). 
The next result uses odd balanced tournament designs with orthogonal 
resolutions to construct DNR(u, 3, 2)-BIBDs. 
Theorem 4.2. If there is an OBTD(3n + 1) with a pair of orthogonal resolutions 
and a K&(6n + 3; 1, 1) with a complementary (1, 2; 3, 3n + 1, l)-frame (or a 
complementary DNR(3n + 1, 3, 2)-BZBD), then there is a DNR(9n + 4, 3, 2)- 
BZBD. 
Proof. Let VI = {x1, x2, . . . , x~~+~} and let V, = {yl, y2, . . . , Y~~+~}. 
Let B’ be the (3n + 1) x (6n + 3) array constructed from an OBTD(3n + 1) defined 
on VI. Suppose column i of B’ does not contain the element xi for i = 
1, 2, . . . ) 6n + 3. To each pair in row i of B’ add the element yi (16 i c 3n + 1). 
Let B denote the resulting array of triples. The columns of B will be denoted by 
Bi, B2, . . . , &n+3. Bi contains every element of (VI - {xi}) U V, precisely once. 
The orthogonal resolution for B’ will partition the triples of B into 6n + 3 
resolution classes; call these C1, Cz, . . . , C6n+3. Suppose Ci contains every 
element of (VI - {Xi}) U V2 precisely once. 
Let K’ be a KS3(6n + 3; 1, 1) defined on VI. Place a complementary 
(1,2; 3,3n + 1, 1)-frame (or a complementary DNR(3n + 1, 3, 2)-BIBD) defined 
on V, in the empty cells of K’. Let K denote the resulting array of triples. Let 
D,, 02,. . . , &+I denote the rows of K and let E,, EZ, . . . , E3n+l denote the 
columns of K. Suppose Di contains every element of VI U {V, - { yi}) precisely 
once and suppose Ei contains every element of VI U (V, - {yl}) precisely once 
i=l,2,..., 3n + 1. (If we have used a complementary (1, 2; 3, 3n + 1, l)- 
frame, then yi = yi.) 
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The collection of triples in B U K forms a (9n + 4, 3, 2)-BIBD. One resolution 
of this design consists of {B,, Bz, . . . , B6n+l, D1, Dz, . . . , D3n+l}. An or- 
thogonal resolution is given by {C,, CZ, . . . , C6n+3, El, E2, . . . , E3n+l}. 0 
The smallest example for this theorem that we have is for n = 6. Since there is 
an OBTD(19) with a pair of orthogonal resolutions (Lemma 2.3) and a 
K&(39; 1,1) with a complementary (1,2; 3,19,1)-frame (Lemma 2.5), we can 
construct a DNR(58,3,2)-BIBD. This design was not previously known to exist 
and falls into the class v = 10 (mod 12) which cannot be constructed cyclically. 
Using Lemma 2.6, Lemma 2.3 and Theorem 4.2, we can also prove the following. 
Lemma 4.3. For i a positive integer, there exists a DNR(3 - 19’ + 1, 3, 2)-BIBD. 
We note that a generalization of Theorem 3.5 to construct doubly resolvable 
designs would require the existence of a DRGDD,,_,(6n; 3; 0, 1) with a 
complementary (3n, 3,2)-DRBIBD. It is easy to see that these designs cannot 
exist. 
Finally, we state the analog of Theorem 4.2 for balanced tournament designs 
with orthogonal resolutions and DR(v, 3, 2)-BIBDs. As yet there are no 
non-trivial examples of BTD(n)s with orthogonal resolutions. 
Theorem 4.4. Zf there is a BTD(3n + 1) with a pair of orthogonal resolutions and 
a KS46n + 3; 1, 1) with a complementary (1, 2; 3, 3n + 1, 1)-frame, there is a 
K&(9n + 3; 1, 1). 
Proof. Similar to those for Theorems 4.1 and 4.2. 0 
5. Conclusion 
The preceding sections give constructions which relate balanced tournament 
designs, resolvable designs and near resolvable designs. The constructions give 
resolvable and doubly resolvable designs with index 2 and produce orders for 
designs which were not previously obtainable by other means. These techniques 
should be very useful in completing the spectrum of index 2 doubly resolvable 
designs. 
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